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I 

TOOTHBRUSH EXHIBITING THREE-DIMENSIONAL BRISTLE PROFILE 
AND END ROUNDED BRISTLES FOR IMPROVED INTERPROXIMAL CLEANING 
WITHOUT INCREASING GUN IRRITATION 



BACK6R0UN0 OF THE INVFWTION 
i ruld flf the Invention 

Tht present Invtntlon relates to toothbrushes, and more 
particularly* to toothbrushes which exhibit a three-dimensional " 
bristle profllf to provide Improved cleaning In Interproximal areas 
5 without increasing jum irritation. 

?. ptfgHotion of tht Briar Art 

The fundamental purport of toothbrushes is to remove, plaque and 
dtbrls from tooth surfaces, both along their outer surfaces' and in 
tht Interproxlnal areas, Host commercially aval labia toothbrushes 

10 cltan the outtr aurfacts of tttth adequately. Hftpter, applicants 
have discovtrtd that a substantial Improvement .In toothbrush 
performance nay bt realized by optimizing toothbrush design for 
Inttrproxlmal cleaning without sacrificing cleaning on tht facial, 
lingual, buccal* and occlusal surfaces and without Increasing gum 

IS Irritation which ofttn accompanies any atttupt to Improve 
Interproximal cleaning. In particular, the prtstnt Invtntlon 
comprltti an Improved toothbrush having a "V* shaptd patttrn when 
vltwed 1n stdt profile in combination with several other Important 
operating characteristics which* when concurrently met, will render 

20 the toothbrush particularly adept at accomplishing the 
aforementioned objectives. 

Toothbrushes having a "V. 9 shaped fide profile are generally 
known to those skilled in the art. However, it 1s believed that 
these known prior art toothbrushes do not exhibit all. of the 

23 operating cheracttrt sties identified hereinafter as" 1i*ortant to 
achieving Improved 1nterprox1ul cleaning without Increasing gum 
Irritation. For example, most of these prior m v shaped 
toothbrushes leek bristles which are properly end rounded. This is 
due to the fact that the three-dimensional bristle pattern on such 

30 known brushes is often forced by cutting the exposed ends of the 
brUtles to the desired configuration after the tufts have been 
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stapled to the brush head. This leaves bristle tips hiving sharp 
chlstl pointed edges which art difficult to «nd round du« to th«lr 
three-dimensional configuration, particularly In the valleys. 
Although such brushes will provide Improved Interproximal cUining, 
5 without properly end rounded bristles these toothbrushes will 
Irritate the user's gums, oftentimes leading the user to abandon use 
of the brush. Clearly, the Improved Interproximal cleaning benefit 
will not be realized If people refuse to use the toothbrush. 
Consequently, It Is important that the exposed ends of the bristles 
be properly end rounded to avoid unnecessarily Irritating the user's 
gums. 

In addition to proper end rounding of the exposed bristle tips, 
other Important operating characteristics have been Identified 1n 
•V" shxped toothbrushes of the present Invention to'achlevt Improved 
15 Interproximal cleaning. In particular, the shape and size of the 
"V end the overall stiffness of the bristles are Important 
characteristics which must be optimized in accordance with the 
disclosure set forth in the present specification to provide all of 
the benefits of the present Invention. 
20 SUMMARY OP THF TMVrWTTfWij 

In accordance with one aspect of the present Invention a 
toothbrush is provided which exhibits superior interproximal 
cleaning. The toothbrush Includes an elongate member having a head 
portion. A multiplicity of bristles extend from the head portion of 
the elongate member and these bristles have their distal ends 
properly rounded to avoid Irritation of the user's gums in use: The 
distal ends of the bristles form a substantially aligned generally 
•V shaped pattern when viewed in side profile, with a peak-to-peik 
distance ranging from about 0.16 inches to about 0.30 inches and a 
peak height ranging from about 0.08 inches to about 0.18 Inches 
The bristles also exhibit a stiffness factor,-' as hereinafter 
defined, In the range of from about 0.2 to about 0.8. 

While the specification concludes with claims which 
particularly point out and distinctly claim the Invention, 1t is 
believed the present invention will be better understood from the 
following description of several particularly preferred embodiments 
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taken 1n conjunction with the accompanying drawings, tn which llkt 
reference numerals identify ilallar elements and wherein; 

Figure 1 1$ a perspective view of a preferred enbodtnent of a 
toothbrush of the present Invention; 
5 Figure 2 1s a side profile view of the toothbrush of Figure 1 

Illustrating the. straight "V side profiles 

Figure 3 1s a side profile view similar to Figure 2 of a second 
preferred embodiment of a toothbrush of the present Invention having 
a tine wave "V* side profile; 
10 Figure 4 Is a side profile view similar to Figure 2 of a third 
preferred embodiment of a toothbrush of the present Invention having 
a scallop "V" side profile;. 

Figure 5 1s a cross-sectional plan view taken along line S-5 of 
Figure 2 showing the bristle tuft pattern; 
IS Figure 6 Is a cross sectional plan view similar to Figure 5 

Illustrating an alternative bristle tuft pattern; and 

Figure 7 Is an end view of the toothbrush ihowlng Its position 
on a tooth during brushing. 

DESCRIPTION Of PAPTIcUtABtY ppFFFRRPft PHBnnTMrMT*; 
20 In a particularly preferred embodiment seen In Figure 1, the 
present Invention comprises a toothbrush, Indicated generally as 10, 
for achieving Improved Interproximal cleaning without Increasing gum 
Irritation. Basically, the toothbrush 10 Includes an elongate 
member 12 having a handle portion 14 and a head portion 16. For 
25 applications such as electric toothbrushes, the. handle portion 14 
may comprise suitable attachment means (not shown) for securing the 
brush head portion 16 to the driving- means. ■ The head portion 16 may 
comprise a generally rectangular area from which a multiplicity of 
brittle bundles or tufts 18 extend. The bristles 118 In tufts 18 
30 are proporly end rounded to protect gum tissue. A. .particularly 
preferred method for providing three-dimensional 1y profiled tufts 18 
wherein the Individual bristles 118 exhibit high «utl1ty end 
• rounding will be discussed 1n detail In the latter portions of the 
present specification. 
33 Referring to Figure 2, the bristles 118 tn tufts 18 are 
preferably arranged 1n a geometry which enables them to penetrate, 
or reach, into the Interproximal trees between the user's teeth. 
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Without sufficient penetration between the teeth, much of the 
InUroroxlBul area will remain untouched by the bristles of tn« 
brush. To Increase Interproximal penetration, the outal ends 120 
of tht brlttlot 118 for* a substantially aligned "V shaped side 
5 prof 11 t. Tht prof erred toothbrush embodiment 10 of figure 1 has a 
substantially aligned straight-**' shaped side profile, as best seen 
In Figure 2. Possible modifications to the straight "V shaped side 
profile Include a sine weve-'Y" as best seen In Figure 3, or a 
sca11op» a V" as best soon in Figure 4. 
1° Referring to Figure 2 In conjunction with Figure 5, the 

bristles 118 of toothbrush' embodiment 10 forn a stralght-'Y" shaped 
side profile having five end one-half peaks. For an adult sized 
toothbrush, the total nuaber of peaks preferably ranges from about 
three to about seven. The bristles 118 which extend frota the head 
15 portion 16 of the elongate amber 12 are grouped together into a 
plurality of bundles or tufts 18. Each tuft 18 preferably Includes 
bristles 118 of various lengths which helps increase the ability of 
each tuft 18 to reach Into the Interproximal areas. As can be seen 
1n Figure 2, although the individual bristles 118 within the tufts 
20 18 exhibit good end rounding, the overall profile of each tuft 18 of 
the first ten rows Is that of a single edged chisel. Since there Is 
an odd mater of rows the tufts 18 of the last row adjacent the 
handle portion 14 of the brush exhibit a double chisel or wedge 
shaped profile when viewed in side elevation to reduce stress on the 
25 last row, thereby Increasing durability. Although Figure 2' 
discloses the preferred configuration where two transverse rows of 
tufts font a peak, anywhere from one to three rows. of tufts 16 nay 
be used to fona e peak and the number of tufts 18 per peak need not 
be consistent throughout the brush head 16. likewise, as can be 
30 seen In Figure S the number of tufts 16 per row need not be 
consistent throughout the brush head 16. 

The distance from one peak to another peak (peak spacing) 
directly impacts the ability of the tuft 18 to penetrate Into the 
interproximal 2 one. This peak spacing distance is indicated as V 
In Figures 2-4, and Is the distance between the theoretical peeks if 
there is no actual peak. An acceptable peak spacing »a" is 
preferably defined according to average human teeth geometries, as 
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represented by the Columbia DENTOFOWi model R861, is available from 
The Columbia Dentofonn Corporation of long Island City. Ntw York. 
Thi ptak spacing range employed In the practice cf the present 
Invention 1s preferably about one third less than the average 
3 geometry range to allow for maximum bristle buckling and bending 
during the back-and-forth stroke of the brush. Consequently, for an 
average human tooth width of about 0.33 - , a minimum human tooth 
width of about 0.23" and a maximum human tooth width of about 0.46", 
ts taken from the 0EKT0F0RK model R861, the preferred peak spacing 

10 "a* for brushes of the present Invention preferably ranges from 
about 0.16" to about 0.30", and even more preferably, from ebout 
0.19" to about 0.2B\ 

In addition to peak spacing, the depth of the "V" (peak height) 
also Impacts Interproximal' penetration. This distance .Is Indicated 

15 as "b" 1n Figures 2-4. It 1s the distance from the bottom-to the 
top of the "V" on the tuft 18. Like peak spacing, .the Interproximal 
depth may be defined according to average teeth geometries based on 
the Columbia 0ENT0F0RM model R861 described earlier herein. From 
the 0ENT0F0RM aodfil M61, the average Interdental depth Is about 

20 0.14" with a range of from about 0,10" to about 0,17". Accordingly, 
the preferred peak height "b" in brushes of the present invention 
preferably ranges from about 0.06" to about 0.18', and even more 
preferably, from about 0;09 B to about 0.16". 

In addition to having peak spacing "a" and peak height *b" 

25 values within the appropriate ranges* peak spacing "a" Is preferably 
about twice^peak height "bV 

Thii "V" shaped profile must be substantially aligned across 
the brush head in the transverse direction. Misalignment of the V • 
shaped profile causes bristles to Interfert with, i.e., contact, the 

30 outer surfaces of the user's teeth. If too many gristles interfere 
with adjacent teeth they reduce the ability of the bristles aligned 
with the interproximal areas to penetrate Into the interproximal 
areas. Furthermore, better cleaning results when the tufts 18 of 
each row are preferably aligned with one another in the transverse 

35 direction, i.e.. perallel to the width of the brush head 16 as seen 
best in Figure 5. In other words, row alignment across the width 
occurs when the tufts 18 form a straight line, perpendicular to the 
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lengthwise «x1s of the elongate member 12 (seen In Figure i). 
Therefore, the tufts 18 of each row are preferably aligned in the 
transverse direction. 

Overall penetration Is also affected by the longitudinal row 
5 spacing between adjacent tufts 18. Longitudinal row spacing is th» 
longitudinal distance between adjacent tufts 18, as measured In a 
direction parallel to the length of elongate member 12, and is 
Indicated as "c* 1n Figure S. Since longitudinal row spacing "c a 
may not be completely uniform throughout the head portion 16 of the 

10 toothbrush an average value Is calculated. Increasing the 
longitudinal row spacing' "c" allows more free movement of Individual 
tufts 18 which tends to Improve penetration. The longitudinal row- 
spacing V preferably rang.es from about 0.02 Inches. to about 0.08 
Inches, and even more preferably from about 0.04 Inches to about 

15 0.07 Inches. • 

In addition to being able to penetrate Into; the interproximal 
ereas, the bristles 118 on toothbrushes of the present Invention 
must be sufficiently stiff to generate enough force to remove plaque 
and debris in these Interproximal areas. 

20 The bristles 118 In combination have a bristle stiffness which 

can be characterized numerically by the following equation: 

Bristle 

Stiffness - P|| * (• ^ r1a |^ <l 

25 where; 0 • bristle diameter, 1n Inches 

• I • modulus of elasticity of the bristle material 

Ey-Sr* t* fl * for ny1on tMi *» * constant, 
480,000 psi 

x " * Vir W ^T*»t1« length across the head 18 of the 
3° brush in Inches 

# brtstlas • total number of bristles on brush head 
16 

The bristle stiffness, for brushes of the present Invention, as 
determined by the above equation, preferably ranges from about 0 2 
35 to about 0.8. 

The Initial stiffness calculation, for an individual 

X* 

bristle 118 is a measure of the pressure produced by the minima 
force required to deflect a single bristle 118 according to The 
<° Stlffnin at Tnntfflnnihll . O.W. MacFarlane. Brit. Oent. Jour 
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10/5/45 f which 1s hareby Incorporated herein by reference. Bristle 
stiffness 1s obtained by multiplying this single bristle stiffness 
value by the total number of bristles 118 on the brush head 16. The 
factor 1 x 10* used 1n the denominator of tha foregoing equation is 
5 an arbitrarily selected constant which reduces the overall bristle 
stiffness valu* to reasonably small numbers for ease of comparison. 

The diameter "D" of bristlas 118 employed 1n toothbrushas of 
the present invention preferably ranges from about 0.006 Inches to 
about 0.009 Inches. % Average bristle length *X* preferably ranges 

10 from about 0.30 Inches to about 0.5S Inches and even more preferably 
from about 0.34 Inches to. about 0.44 Inches* The total number of 
bristles 118 1n the head portion 16 of brushes of the present 
Invention 1s preferably from about 1.200 to about 5,000, and even 
more preferably from about 1,600 to about 3,500. 

13 In addition to the foregoing bristle stiffness* characteristic, 

buttressing also effects stiffness. Buttressing .Is Xhe tendency of 
adjacent bristles to support or buttress each other/ vithin a tuft, 
more tightly picked bristles 118 provide additional support adding 
to the effective stiffness of the bristles 118. Optimum Buttressing 

20 occurs when all bristles 118 are touching, I.e. no staple is used. 
In this case the number of bristles 118 in a hole are maximized and 
the tight packing maximizes the degree of support these bristles 118 
give to each other. Since buttressing Is a measure of the 
efficiency by which a tuft 18 of bristles 118 are packed together, a 

25 numerical value, termed Buttress factor, is. achieved by dividing the 
cross* sectional area taken up by the bristles 118 by the total cross 
sectional area of the tuft 18 at the base. Numerically, the 
preferred Buttress Factor for brushes of tha present Invention 
ranges from about 0.8 to about 0.96. 

30 Buttressing from tuft to tuft also effects stiffness. Tuft to 
tuft interaction between columns is affected by the transversa 
colwn spacing, indicated as 'd' in figure 5. Like longitudinal row 
spacing *c\ transverse column spacing ■d* may not be completely 
uniform throughout the head portion 16 of the toothbrush, therefore, 

35 an average value is used. 

Reducing transverse column spacing # d' effectively Increases 
the overall bnstla stiffness of tufts 18. As seen in Figure 7. 
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with the typical back* end -forth stroke, i.e., in and out of the 
plane of the piper on which Figure 7 eppears, and * generally 45 
degree brush heed engle In relation to the exposed surfaces of tooth 
22, adjacent tufts tn a row are spread out across tht crowns of the 

5 tooth 22. As they are spread, closer transverse column spacing "d* 
effectively Increases the overall bristle stiffness of the brush as 
tht outer tufts IB support tht Inner tufts 18. forcing then into 
Interproximal spaces bttween adjacent teeth. 

The toothbrush ' embodiment 610 of Figure 6 effectively 

10 ellmlnttts tht transverse column spacing "d" bttween adjacent tufts 
618. since each tuft 618 .extends substantially continuously across 
tht width of the brush htad. The tufts 618 of the Illustrated 
embodiment are oblong, although they could also be oval or 
rectangular. Due to the beneficial offsets of' tuft to tuft 

15 buttressing bttween columns, transverse coition spacing is preferably 
from zero to about 0.08 inches. 

Tuft to tuft Interaction between rows '1s affected by the 
longitudinal row spacing *c". The previously noted preferred ranges 
for longitudinal row spacing "c" reflects a balance between desired 

20 penetration for Interproximal cleaning and desired buttressing for 
surface scrubbing. 

A preferred method of achieving end rounded bristles 118 in a 
*V shaped fomat 1s to first square cut or shear a group of 
bristles 118 perpendicular to the length of the bristles 18. The 

25 cut ends of the bristles 118 art then ground while in a coosnon plane 
to remove any sharp or protruding edges from tech bristle 118. "The 
bristles 118 art then* moved relative to each other to produce a 
dtsirtd three-dimensional shape at the exposed end of tht tuft 18. 
Tht attachment end of tht bristles 118 are then preferably square 

30 cut or sheared to tht appropriate length. This method Is further 
dtscHbtd 1n German Patent Application 3820372 whtch published on 
December 20, 1989, which is htrtby incorporattd htrtin by rtfertnee. 
The attachment end of the bristles 118 is then prtftrably heated to 
form a molten mass and placed against tht heated htad portion 16 of 

35 tht elongate membtr 12. As tht molten materials cool, the tufts are 
secured to tht head portion 16 of the elongate member 12. The 
latter method is further described In United States Patent 4,637,660 
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which Issued on January 20> 1987 to Velhrauch, which Is also hireby 
1ncorporttt4 herein by reference. 

The dimensions and characteristics of ont exemplary toothbrush 
•obodlnent similar to that Illustrated In figure 1 nay includt tht 
5 following} 

* funtiiiMntil.PiriMtiri 

profile -SI/2 peaks 
Rows aligned 

Square-cut, optimally end-rounded bristles which are 
10 three-dtaenslonally contoured after end rounding 

• Ootlmlitd Pinmtttrs 

Stiffness • bristle d1ee*ters .007* 

• bristle length •35^43 B (avg.-.3J) 

- total ijuwber of bristles 2052 

15 Stiffness • .30 

Buttressing ' 
Buttress Factor 0.87 



m 



- .05 

Penatratton - paak spacing .22* • 

20 - peak halght. .09" 

• alignment 'total 

♦ 'c* .05" 

Ovtrall htad slza (0.71' to 1.3" X 0.32" to 0.50") 

The dimensions and charactarl sties of a sacond priferred 
23 embodiment similar to that Illustrated In Flgura A may Include the 
following: 

• Ftmdinwnti] Panwetr 

"V prof 11a - i 1/2 peaks 
Rows aligned 

30 Squaro-cut, optimally end-rounded bristles which are 

three-dlaenslonally contoured after end rounding 

* Milks*. 



Stiffness - bristle diameters .007" 

• bristle length .35-. 43" (avg.-.39) 
33 - total number of bristles 3100 •• 

Stiffness ■ .56 • * . 

Buttressing 

• Buttress factor 0.87 
- 0.0" 

AO Penetration • peak spacing .22" 

- peak height ,\ m 

• alignment total 

• c .05" 
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Overall head size (0.71" to 1.3" X 0.32" to O.50") 
Although particular embodiments of the prism invtntion hav« 
been shown and described, modification may be made to thi toothbrush 
without departing from the teachings of the prtsent invtntion. 
5 Accordingly, the present Invention comprises all embodiments within 
the scope of the appended claims. 
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WHAT WE CLAIM IS: 

1. A toothbruih exhibiting superior Interproximal cleaning without 
increasing gum Irritation comprising: 

(a) an elongate nearer having a head portion; 

(b) a multiplicity of bristles extending from the head portion 
5 of the elongate member and having their distal tnds rounded, 

the distal ends of said bristles forming a substantially 
aligned generally "V shaped side profile having a peak spacing, 
"a" from about 0.16 Inches to about 0.30 Inches and a peak 
height "b* from about 0,06 Inches to about 0.18 Inches, the 
10 bristles further having a stiffness 1n the range from about 0.2 
to about 0.6. 

2. A toothbrush exhibiting superior Interproxlmarcleanlng without 
Increasing gum Irritation comprising: 

(a) an elongate member having a head portion; '; 

(b) a multiplicity of brlstler extending from the htad portion 
5 of the elongate member and having their distal ends rounded, 

the distal ends of said bristles forming a substantially 
aligned generally "V" shaped side profile having a peak to peak 
distance from about 0.19 Inches to about 0.23 inches and a peak 
height from about .0.09 Inches to about 0.16 inches, the 
10 bristles further having a stiffness factor In the range from 

about 0.2 to about 0.6. 

3. A toothbrush according to Claim 1 wherein each .bristle Is 1n 
contact with all adjacent bristles at the point of attachment to the 
head portion of the elongate member. 

4. A toothbrush according to Claim 2 wherein each bristle 1s 1n 
contact with ill adjacent bristles at the point of attachment to the 
head portion of the elongate member. 

5. A toothbrush according to Claim I wherein the bristles are 
attached to the head portion of the elongate member such that they 
have a Buttress Factor from about 0.8 to about 0.96. 
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6. A toothbrush according to Claim 2 wherein the bristles are 
attached to the head portion of the elongate member such that they 
have a Buttress Factor from about 0.8 to about 0.96. 

7. A toothbrush according to Claim 1 wherein the peak spacing 
Is twice the peak height 'b". 

8. A toothbrush according to Claim 2 wherein the head portion has a 
longitudinal length from about 0.71 inches to about 1.30 inches and 
a transverse dimension from about 0.32 Inches to about 0-50 Inchts. 

9. A toothbrush according to Claim 1 wherein the longitudinal row . 
spacing between bristle tufts Is from about 0.02 Inches to about 
0.08 Inches. 

10. A toothbrush according to Claim 2 wherein the jongltudlnal row 
spacing between bristle tufts is from about 0.02 Inches to about 
0.08 Inches. 

U. A toothbrush according to Claim 1 wherein the transverse column 
spacing between bristle tufts Is from about lero. to about 0.08 
Inches. 

12. A toothbrush according to Claim 2 wherein the transverse column 
spacing between bristle tufts 1s from about zero to about 0.08 
inches. 

13. A toothbrush according to Cltla 1 whertln the total number of 
bristles extending from the brush heed Is from about 1,200 to about 
5,000. 

14. A toothbrush according to Claim 2 wherein the total number of 
brlstlts extending from the brush head Is from about 1,200 to about 
5,000. 

15. A toothbrush according to Claim 1 wherein the average bristle 
langth 1s from about 0.35" to about 0.43V 
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16. A toothbrush according to Claim 2 wherein the average bristle 
Itngth ts from about 0.35* to about 0.43V 

17. A toothbrush according to Claim 1 wherein tht "V* shaped 
pattern Includes throe to seven peaks. 

18. A toothbrush according to Claim 2 wherein the "V shaped 
pattern Includes three to seven peaks. 

19. A toothbrush according to Claim 1 wherein the head portion has 
a longitudinal Itngth from about 0.71 inches to about 1.30 inches 
end a transverse disunion from about 0.32 inches to about 0.50 
inches. 

20. A toothbrush according to Claim 2 wherein the head portion has * 
a longitudinal length from about 0.71 Inches to about 1.30 Inches 
and a transverse dimension from about 0.32 Inches : . to about 0.50 
Inches. 
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